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Abstract 
Due to the fragmentation of Russian transport industry, its effectiveness has decreased, unproductive downtime and the number 
of empty runs have increased. Increased loading delays lead to a number of negative consequences. First and foremost, it is 
inefficient and insufficient use of modern fuel-efficient vehicles due to the high fixed cost ratio in total cost (the majority of the 
carriers rely on used vehicles; average vehicle age in Russia exceeds 10 years). Secondly, short empty runs on the route are 
impractical (about 20% of total vehicle mileage consist of empty runs). The dependence of fixed and variable costs from 
vehicle age has been analyzed. The influence of load and unload time on the choice of a vehicle with regard to the 
transportation distance has been determined. The effect of the load/unload time reduction, including energy efficiency, has been 
calculated. The proposals for normative regulation of time for loading and unloading are suggested. 
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1. Introduction 
In the transition to market economy, most of large road freight transport companies in Russia went bankrupt. 
Currently, the average size of a road transport company numbers 8 vehicles (including trucks & semitrailers for 
long-distance haulage). Today, over 30,000 carriers operate at the long-distance haulage market. Due to the 
fragmentation of Russian transport industry, its overall effectiveness has decreased, unproductive downtime and 
the number of empty runs have increased. The main reason for that resides in large load/unload time delays. Such 
market conditions are caused by small carriers being dictated the carriage conditions by large customers. Standard 
load time is one day for load and one day for unload without penalties.  
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Low intensity of long distance haulage forces the transport companies to acquire used hard trucks, which is 
shown in Tab. 1. 
Table 1. Basic road transport indicators 
Year Lorries 
(thousand 
units) 
Cargo 
transportation 
(mln. tons)  
Freight turnover 
(bln. tonne-
kilometres)  
Lorries over 
10 years 
(percentage) 
Fuel consumption 
(mln. tons) 
2001 4218 6125 160 52 17,7 
2002 4331 6348 167 58 17,1 
2003 4363 6468 173 62 16,7 
2004 4470 6568 182 64 16,7 
2005 4848 6685 194 64 16,1 
2006 4929 6753 199 62 17,5 
2007 5168 6861 206 60 17,5 
2008 5349 6893 216 56 20,0 
2009 5323 5240 180 55 16,8 
2010 5414 5235 199 - - 
 
These figures indicate that the share of trucks aged over 10 years, as well as energy efficiency of road transport, 
practically didn't change in 10 years. 
The main reasons for low efficiency of vehicle usage include the following: 
• in practice, penalties for idle time are not imposed for delays less than 8 hours; 
• town’s haulage are carried out on hourly freight; 
• if a crew consist of two drivers, half of first driver’s working time is added to the working time of the second 
driver. Total work hours are limited by law, but driving time is not limited. 
• due to 10 tons axle weight limit, the weight of the truck cannot exceed 20 tons. 
Since the consignors do not pay for load/unload delays, they create a minimal required number of loading posts. 
Long-distance intercity vehicles are usually loaded after the intra-urban vehicles, because the last ones are paid per 
hour. Fig. 1 shows a typical example of a warehouse with a minimal required number of loading posts. The 
presented diagram shows the actual working day of the warehouse at a famous brewery located in Chelyabinsk. 
The diagram clearly shows that no queues exist in the morning, the number of queues increases during the day 
reaching the maximum in the evening and later gradually decreases at night.  
If one load/unload post had been added, idle times would have reduced approximately 10 times. However, in 
current conditions it would create just the additional costs for the consignor. 
Due to large load delays of the vehicles, fixed cost ratio in total cost increases, which forces transport 
companies to buy used vehicles. 
The aim of this study was to determine the impact of load/unload time reduction on the optimum vehicle age. 
2. Dependence of cost on the vehicle age 
The main features of cost structure in Russian long-distance haulage industry include: 
• driver salary is variable cost and is paid by km; 
• repair and maintenance are usually carried out by the transport company itself, so these costs are fixed; 
• variable costs related to repair include only the costs of spare parts. 
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Fig. 1. Vehicles standing idle on loading at 5 posts 
Research was carried out for VOLVO FH-12 heavy trucks, one of the most popular models in Russian cargo 
transportation industry. Research was carried out in 2008 and 2009 in “Traktorotorg-Avto-1” transport company, 
the largest carrier of perishable food in Chelyabinsk region. The company owned 39 VOLVO FH-12 heavy trucks 
with SCHMITZ refrigerator semitrailers. The study covers two modifications of VOLVO FH-12 with power 
output of 380hp and 420hp with approximately identical performance characteristics. The trucks had been put into 
operation in 2001–2004 and have been operated in identical conditions. Repair and maintenance were generally 
carried out by the transport company, which owned a repair area with 3 repair posts. In 95 % of all the cases, the 
crew consisted of one driver. To track the distance and fuel consumption, the trucks were equipped with satellite 
navigation system.  
The amount of collected data is insufficient to find an exact law, but some general trends can be revealed. 
2.1. Dependence of fixed cost on vehicle age 
First and foremost, fixed costs consist of the leasing cost (depreciation), which depends on the year the vehicles 
were purchased, and the operation of production facilities (rent or depreciation of premises, staff salaries, transport 
tax, overhead, insurance, CTP, etc.), which is assumed to be independent on the vehicle age. Licensing of road 
freight transport in Russia was cancelled in 2004. 
The cost of leasing directly depends on the price of the truck. In 2011, a market research for new and used 
VOLVO FH trucks of similar configuration was performed. The research showed that truck price is almost 
independent on the mileage, and the mileage is nearly the same for different trucks of the same production year. 
Moreover, the study conducted in 2008 and 2009 showed the dependence of operation hours on the vehicle age. 
Depending on fixed costs, annual operation days with the calculation of unit fixed costs per operation day are 
presented in Tab. 2. 
The interesting fact is that the number of days in operation for 6-year-old VOLVO FH-12 trucks has reduced. 
In 2008, this decrease was fixed for 2002 released trucks, in 2009 – for the trucks released in 2003. Supposedly, 
major components are generally repaired in the 6th operation year. The number of trucks on the line has increased 
in the 7th year. 
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Table 2. Fixed cost 
Age of vehicles Fixed cost,  
RUR/year 
Days in operation Fixed cost of day in 
operation, RUR/day 
1  1413750 320 4418 
2  1331250 307 4336 
3  1235000 299 4130 
4  1152500 291 3960 
5  1070000 283 3781 
6  987500 260 3798 
7  932500 262 3559 
8  877500 250 3510 
9  822500 240 3427 
10  767500 230 3337 
 
Table 3. Data collected in 2008 
Year of 
manufacture 
Age of vehicles Fuel consumption, 
 l/100 km 
Spare parts, RUR/km 
2001 7 40,43 1,38 
2002 6 39,44 1,31 
2003 5 39,12 1,13 
2004 4 38,93 0,99 
 
2.2. Dependence of variable cost on vehicle age 
Variable costs consist of the prices on fuel, oil, and tires, the prices on spare parts and of the driver salary.  
Fuel cost is the largest cost item. "Fuel and lubricant consumption rates for road transport” approved by the 
Ministry of Transport of Russian Federation, specify 5% fuel increase for 5–8-year-old vehicles, and 10% increase 
for the vehicles older than 8 years. Data collected in 2008 on actual fuel consumption and the cost of spare parts 
depending on vehicle age are presented in Tab. 3.  
Since oil consumption is proportional to fuel consumption, we assume that the dependence of the flow of oil on 
operation time is similar. 
The cost of tires is taken independent on the vehicle age, as tire manufacturers indicate their mileage without 
reference to the vehicle age. 
As trip-specific operating costs in Russia are insignificant, they have not been included into the calculation. 
Taking into account the fuel consumption, oil prices and mileage, the variable costs were calculated. Variable 
costs for different vehicle ages are presented in Tab. 4. The results presented in this table include data for 2009 
with some approximation. 
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Table 4. Variable cost, RUR/km 
Vehicle age Fuel  Oil Tires Driver salary Spare parts Total 
1  7,5 0,75 0,6 3,78 0,3 (warranty) 12,93 
2  7,58 0,76 0,6 3,78 0,3 (warranty) 13,02 
3  7,65 0,77 0,6 3,78 0,87 13,67 
4  7,73 0,77 0,6 3,78 1,00 13,88 
5  7,80 0,78 0,6 3,78 1,14 14,10 
6  7,88 0,79 0,6 3,78 1,27 14,32 
7  7,96 0,8 0,6 3,78 1,41 14,55 
8  8,04 0,8 0,6 3,78 1,54 14,76 
9  8,12 0,81 0,6 3,78 1,68 14,99 
10  8,20 0,82 0,6 3,78 1,81 15,21 
 
Thus, fuel costs account for over half of variable costs. At the same time, for every year of vehicle age increase 
the fuel consumption increases by 1%. Naturally, the share of energy efficient vehicles decreases, and annual costs 
of spare parts increase by 13%. In absolute terms, the cost of spare parts increased faster than fuel cost. 
3. Influence of vehicle age and load/unload time on trip expenses 
In Russia, the expenses are usually reduced to a trip for long-distance haulage. Trip costs can be calculated 
according to the following formula: 
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Where:   
• fixedɋ  is fixed cost of day in operation, RUR/day; 
• loadt  is loading time [hour]; 
• unlt  is unloading time [hour]; 
• workt  is working hours (8 hours according to the Russia’s legislation); 
• tripl  is distance of trip [km]; 
• dayl  is daily run [km] (450 km for one driver);  
• runC  is variable cost [RUR/km]. 
 
Calculations were made in accordance with vehicle daily mileage. For a single ride with running speed about 50 
km/h, daily mileage should number around 450km. The results of the calculations for 450, 1350 and 2250 km 
distances are presented in Tab. 5–7. The data presented show that even if load/unload time is reduced, the newer 
vehicles do not become the preferred ones for 450 km trip. However, when load/unload time is reduced from 8 to 
2 hours, the cost difference for 450 km trip between the new vehicles and the 10-year-old ones reduces by 8%.  
As distance increases, the newer vehicles gradually become the preferred ones (see Tab. 6–7). However, even 
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for 2250 km trip new vehicles are not preferred, which is caused by the other factors mentioned in the 
introduction. Some of these factors would change in the future – in particular, Transport Development Strategy of 
the Russian Federation up to the year 2030 includes the increase of driving axle weight to 11.5 tons. 
The percentage difference in trip costs between the new and the optimal vehicle age is shown in Fig. 2. If load 
time reduces up to 2 hours, the cost difference between the new vehicle and the cost-optimum vehicle becomes 
lower. 
The data obtained show that the second most important factor that influences the preferred vehicle age is the 
transportation distance. The statistics shows that in recent years the average transportation distance in Russia has 
been steadily increasing. 
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Fig. 2. The percentage difference in costs of a trip. 
Table 5. Expenses on trip 450 km 
Vehicle age 2 hours for loading  
(unloading) 
4 hours for loading  
(unloading) 
6 hours for loading  
(unloading) 
8 hours for loading  
(unloading) 
1  12445,5 14654,5 16863,5 19072,5 
2  12363 14531 16699 18867 
3  12346,5 14411,5 16476,5 18541,5 
4  12186 14166 16146 18126 
5  12016,5 13907 15797,5 17688 
6  12141 14040 15939 17838 
7  11886 13665,5 15445 17224,5 
8  11907 13662 15417 17172 
9  11886 13599,5 15313 17026,5 
10  11850 13518,5 15187 16855,5 
Table 6. Expenses on 1350 km trip 
Vehicle age 2 hours for load  
(unload) 
4 hours for load  
(unload) 
6 hours for load  
(unload) 
8 hours for load  
(unload) 
1  32918,5 35127,5 37336,5 39545,5 
2  32753 34921 37089 39257 
3  32909,5 34974,5 37039,5 39104,5 
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4  32598 34578 36558 38538 
5  32268,5 34159 36049,5 37940 
6  32625 34524 36423 38322 
7  32099 33878,5 35658 37437,5 
8  32211 33966 35721 37476 
9  32231 33944,5 35658 37371,5 
10  32213 33881,5 35550 37218,5 
Table 7. Expenses on 2250 km trip 
Vehicle age 2 hours for load  
(unload) 
4 hours for load  
(unload) 
6 hours for load  
(unload) 
8 hours for load  
(unload) 
1  53391,5 55600,5 57809,5 60018,5 
2  53143 55311 57479 59647 
3  53472,5 55537,5 57602,5 59667,5 
4  53010 54990 56970 58950 
5  52520,5 54411 56301,5 58192 
6  53109 55008 56907 58806 
7  52312 54091,5 55871 57650,5 
8  52515 54270 56025 57780 
9  52576 54289,5 56003 57716,5 
10  52576 54244,5 55913 57581,5 
4. Conclusion 
One of the key factors affecting the vehicle upgrade is load/unload time. “Rules of road transportation of goods 
in Russian Federation” approved in 2011 define load/unload time limits as 13 minutes per vehicle plus 3 minutes 
for each ton of capacity, which is equal to 73 minutes for a 20-ton truck. However, these Rules have not foreseen 
any penalties. Under these conditions, large freight forwarders have “established” a different standard – one day 
for load and one day for unload without imposing any penalty. The Rules that set load/unload time standards 
should also establish the penalties for the violation of these Rules. Analysis of market prices shows that the 
sanctions would be justified as follows: for each excess hour of downtime penalties should be 200 RUR plus 50 
RUR for each ton of capacity (1 Euro = 39 RUR). 
Reducing the average load/unload time up to the normative level the average optimum vehicle age will reduce 
for 5 years, which in turn will increase energy efficiency of road transport by 5%. 
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